OPERATING INSTRUCTIONS

YACUUM TUBE VOLT-OHM-LAPACITY-MILLIAMMETER

MODEL 209A

. CHOQXE OF THE EXPERTS
FOR SPEED, ACCURACY
and DEPENDABILITY. ..




HICKOK ELECTRONIC VOLT OHM-CAPACITY-MILLLAMMETER
MODEL 2094
FIGURE 11



TECHNICAL DATA SHEET
EQUIPMENT SUPPLIED
(ONE COMPLETE UNIT)

Quan, Name Type Stock HNo, Dimensions Welght
1 Vacnmn Tube Volt-COhm-
Capacity Milliammeter 2004 902-173 16" x 13" x 7"
1 Instruction Book 2490-201
1 Test Lead - Red 12430-93 4g"
1 Test Lead - Black 12450-99 4" 4
1 A,C. Probe Asszembly 16970-15 48"
1 D.C. Cable Assembly 3030-486 48"

4.

TECHNICAL CHARACTERISTICS
Power Supply Required: 105 - 125 V, 50 - 0 Cycles, a.c.

Power Consumption: 20 watts at 115 V.

Scales:
a, VOLTS MIL3: 0 -~3,0-~12
b, 0-3 VOLTS A.C. ONLY: 0 -3
c, OQHMS: Q0 - 10,000 - Inf.
d, CAPACITY: MF - 0 - 1000 - Inf,
MF -0 - 10 - Inf.

e. VOLTS: Zero Center D.C.
BRANGES :
a., VOLTS, A.C., EM5 0 - 3, 12, 30, 120, 300, 1200
b, VOLTS, A.C., Peak-to-Peak: O - 3, 12, 30, 120, 300
¢, VOLTS, D.C.: 0 -3, 12, 30, 120, 300, 1200
d. MILS [d.c.)- 0 -3, 12, 30, 120, 200, 1200
e. CAP: 0 - 10,000 mmf, 1n 2 ranges

0~ 1,000 mf, in S ranges

50 mh - 100 henries (use conversion chart)}
f. OHMS: 1 ohm to 10,000 megohms, In 8 ranges

Frequency: A.C. to over 100 megacycles may be measured,
Meter:

a, Type: BS22-46F
b. Sensitivity: 500 Microamperes

Tube Complement:

Tube Stock No, Function
vl BALS 20875-51 &.C. input rectifier
Ve 6X5GT 20875-22 Capaclty voltage rectifier
Vi3 63.J7 20875-17 Cathede followsr
V4 BINTCT 20875-19 Vacuum tube voltmeter

Vo 8XSGT 20875-22 A.C. power rectifier
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SECTION 1 - DESCRIPTION

1.1 PURPOSE

The Hickok Vecuum Tube Volt-Ohm-Capacity-
Milliammeter, DModel 2004, shown in Figure
1.1, 1sa practical universal test ingtrument
which may be used in making measurements.in
the studyand repalr of radlo, electronic and
television clrcutits, It is a versatile in-
strument, as the measurements of wide ranges
of d.c¢, currents, a.c. and d.c, voltages,
reslatances, capacltances and Inductances
may all be made by one unit., The very large
meter scales provide ease of reading, even
from gome distance away, Bullt under Hickok
high standards of workmansghip, it 1s an ac-
curate and durable tegt instrument,

1.2 DESCRIPTION

a, Physical

The Instrument ig enclesed in a metal case
with a handle at the top and with fest on
two sldes, so that the Insirument may be used
in elther a horlzontal or vertical position,
The chassls Is mounted on the front panel and
i3 accesslble by removing the elght screws
holding the panel toc the case and then re-
moving the panel, The large meter 18 agcu-
rately calibrated with the scales c¢learly
marked, A mechanical adjustment of the zero
gettlng 1s provided on the front of the meter.
A diode probe and ghielded cabhle 18 supplied
for a,c. voltage measurements, ana is at-
tached to the unit by means of a four-prong
connector plug, Two addltlicnal leads are
furnished for all the other measurements,
All switches, Jacks and controls are clearly
marked on the front panel.

b, Components

The followlng leads, 4as shown In Flgure
1.3, are furnished with the Model 209A:

(1} An a.c., probe and shielded cable as-
gembly ls furnished for making a,:, voltage
measurements to 300 volts. This cable 1s
48" long wlth a four-prong male plug on one
end &nd the speclal a,c. probs on the other,
The circuit of thls probe 1s shown on the
schematic dlagram, Figure 7.1.

{2) A 4B" shlelded test lead withan iso-
lating resister incorperated in the probe 1is
supplied for making all d.c¢. measurements,
This lead has a test prod on one end and a
micropnone type of connector on the other.

(3} Two unshlelded test leads, 48" long,
arc supplled for making all resistance, ca-
paclty, Inductance and current measurements.
One of these leads, black, with a pin plug
on oneend and an allligator ¢lipon the other,
I8 ugsed as & ground lead for all measure-
ments, The other lead 18 red, and Is ter-
minated with a pin plug and test prod.
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FIGURE 1.3 TEST LEADS

c. Functlonal

The Model 209A 1s designed to perform the
follewing electrical functions:

(1} To measure a wide range of d,c, cur-
rents, 4&.c¢., voltages 1n terms of RMS, or
peak-to-peak value, d,c. voltages, resis-
tances, capacitances and inductances.

(2) To measure a.c. voltages accurately
over a very wlde range of frequenciles,

(3) To nave a very light loading effect
on the clreult under test, thereby Insuring
greater accuracy.

(4) To have a meter circuit deslgn which
will eliminate the possibility of damage to
the meter from overload. (Milliammeter cir-
cult excepted.)

d, Electrical

{1) A 105 - 125volt, 50~70 cycle a.c. ex-
ternal power source 13 needed for the opera-
tion of the power supply system which has
been Incorporated in the unit to supply all
d.c, rlate voltages and a,c. heater voltages.
The power supply clircult 1s of the conven-
tlonal type, conslsting of a transformer,
rectifier and filter. D.C. wvoltage needed
for ohmmeter measurements 1s supplied by two
dry cells, in serles, also incorporated in
the Instrument.

(2} Three separate voltage divider net-
works are used in the ouput circult; one for
currenty measurements, one for resistance and
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capacitance measurements, and one for a.eo,
and d.c. voltage measursments. The FUNCTION
SELECTOR swlteh, In conjunction with the
CIRCUIT SELECTOR, determines which network
18 to be used, and the RANGE switch deter-
mines the positicon within the network. A
switching arrangement has been incorporated
8o that voltages, elther positive or nega-
tlve with respect to ground, may be measured
oy merely cperating the switch to the correct
d.¢. position, rather than reversing the
pesition of the leads themselves. A d.a.
volt zero center position 18 also incorpo-
ratsd for measuring potentlals for a null
balance.

(3) In measuring d.c¢. currents, the un-
known 18 applied directly to the meter with
1ts parallel shunt network. In d.c. vpltags
measurements, the input is placed across the
proper voltage dividing network, from which
the correct portion for a given range Is

applied to the grid clrcultof a vacuum tube
bridee, In a.c, wvoltage measurements, the
input 1s rectifled in the dlcde probe before
belng placed apross the divider network. In
a.c. peak-to-peak the input is rectifled by
a voltage doubler circuit before being ap-
plied to the divlder network. In resistance
measurements, the unknovn {5 placed In seriles
with an Internal socurce of d.¢, voltapge and
a portion of the divider network depending
on the range used, The voltage drop across
the unknowm 1s applied to the grid of the
bridge clircult, In capacitance and induc-
tance measurements, the unknown 1s placed in
series with an internal sourcs of a.c. val-
tage and a portion of the divider nstwork.
The a.rc. voltage drop across ths unknown 13
applied to a cathede follower, the cutput of
which Is rectifled by electronic means, and
then impressed on the grid of the bridge
vacuum tube.

SECTION 2 - PRELIMINARY CHECKS FOR OPERATION

A, C. PROBE

2.1 GENERAL

a. Before attempting o make any ggclflc
measurements with the odel 2094, the fol-
lowing steps should be taken to determine
whether or not the instrument is functioning
properly in all resgpects.

{1) Make visual inspection of the unit to
see that it has not been damsged in shipment.
Be sure that all test leads are with the unit,
Refer to Figure 1.3 - Test Leads. Observe if
the indicatdr is at zero. To reset to zero
turn mechanical adjust on the indicator w1th
a screwdriver. Plig unit into the a.c. line
and operate the power switch to ON. The
pilet light should come on.

2 fter one mlnute WA= -
Eﬂfé JSELE A FoLTS ang the‘&ﬁ%@f
%%FMAL. Rotate the RANGE —
TOR to ! VOL Adjust Zero dJust Contral
until the indicator comes to zero.

{(3) Turn FUNCTION SELECTOR to_+ D. C.
and —D.0. respectively. t should be pos-
8ible to adjust the indicator to zero b¥
means of the ZERO ADJ. control on both o
these positions,

{4} Turn FUNCTION SELECTCR to OHMS end

short ‘out the ohlms test leads. It should be
ossible to adju the lndlcator to zero chms
g Then short

mesns of the J. control.
ﬁe test leads and remove the red test lead
from the OHMS-CAP jack. By means of the
CAP Al control 1t should be possible to

MUST

B E CONNECTED

adjust the indicator to infinity {(INF.].

(3) Turn FUNCTION SELECTOR to CAP. ang
repeat the]?recedure outlined in paragraph (4).
It should ossible to adjust the indicator
0 zern ap301ty gxcept on the most sensitive
ranﬁf where the iandicator wil
ggobsbly drop to approximately 30 or 40
f which is the internsl capacity of the
instrument with the red lead digsconnecte
from the OMMS CA% jack e

. {6) Turn FUNCTION SELECTOR to MILS. The
indicator should go to zero.

7} Rotate FUNCTT ON SELECTOR back tq A.C,
¥OL CUIT SELECTOR to PEAK-TC-PEAK
and adJust to zero with Zerc Adjust Control,

(8) R tate CTIQN SEIECI‘OR to + D.C.
Rotate CIRCU CTOR switch to D.C. zero
center. It should be possible, by means of
the ZERO ADJ. control, to set the indicator
to center scale zero.

. If, in any event, any of the sboyve
checks are not ndrmal, the factory should be
contacted, giving the nature of the trouble.
Instructlons will then be given for either

correctl he trouble or returning the equlg—

ment. dres all servlCe inquiries to_t e

g10k0k ectrlca Instrument Company,
upant Avenue, Cleveland 8, (Ohio.

SECTION 3 - THEORY

3.1 GENERAL

A thorough understanding of the theory
behind the ¢peratlon ¢f any lnstrument will
eniable the user to obtain greater utility
and satlsfaction from the Instrument, For
thls reaseon the follaowing brief explanation
of the circultof the Hickok Vacunm Tube Volt-

Ohm-Capacity-Milllammeter Model 20GA 18 gliven,
As the princlples of operatlon rather than
detalled explanationof the operation 1s in-
tended, the full schematic, shown in Flgure
7.1, 15 greatly simplified. The power supply
incorporated in the unit isof the usual type
employing a transformer, full-wave rectifisr
and an Input capacltater, therefore no ex-
planation of 1t 1s glven. The milliam-
meter ¢ircult, as showm in Figure 3.1,
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FIGURE 3.1 MILLIAMMETER CIRCUIT

alsc needs no detalled explanation, as it is
simply a meter shunted by a resistance net-
work whose value 15 determined by the range
of the current to be measured.
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3.2 BRIDGE CIRCUIT

a, The bridge circult 1is common to all
measuring circults except the milliammeter
gsectlon, Specific applicatlion of the bridge
15 given in the explanation of the type of
mesasurement to be performed, l.e., reslst-
ance, capacltance or voltags,

b, The basic c¢lrcult of the bridge 1Is
similar to the common Wheatstone bridge In
operation. Voltape 15 applied across the
hridegs;, B+ at R4S and B- through Teslstor
Rs7, at the Junction of R2Z and R23. R21
acts as a Zero ad jJustment and is adjusted so
that with no voltage input te elther grid ot
the tube, the meter reads zero, 1ndicating
balance Detween the two trindes of the twin
triode used as the bridge tube, When making
all measurements, except capaclty measurse-
ments, the grid of one triode remains at
ground potential, and the grid of the other
triode changes to a potential determined
basically by the unknown belng measured,
Changing the potentlal of only one of the
grids will unbalance the bdbridge and cause a

deflection of the meterin direéect pruportion
to the change Inerid potential, as the plate
gurrent changes with grid potentlal. The
meter hasa calibrated scale which Interprets
this deflection in terms of volts, ohms, or
units of capaclity, s¢ that In conjunctlon
with the RANGE SELECTOR, the unknown can be
evaluated directly Zfrom the scale readling.
This is tasically the action of the bridege
and meter. The type of measurement to be
made will determine beth the Input grid to
be used and the method of obtaining the input
woltage.

3.3 A.C. VOLTMETER

a. Normal Posltion - With reference to
Flgure 3,3 and the switch In the normal posl-
tion, the a.c, voltage to be measured 1s recge
tified by one-half of thg GALS twin diode,
and the resultant d.c. voltage isapplled to
the dlvider network., Part of thls voltage,
as determined by the posltlion of the Range
Contrel, 1s fed to the Input grid of one of
the friodes of the bridge tube causing the
bridge clrcult to function. In thils normal
pogltion the instrument 1s calibrated to read
in terms of RMS voltages of a sine wave.
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FIGURE 3.3 A.C. VOLTMETER CIRCUIT

b, Peak-to-Peak Postition - When the switch
1s operated to the peak-to-peak position, and
a voeltage to be measured 1s applied to the
input, the actlon of the twin diode and the
input and output capacitor willrectify this
Incoming a,c, voltage and apply 1t to the
divider network, Part of thls resultant d.c.
voltage will be applied ¢to the grid of the
bridge tube, depending upon where the Rarge
Control 1s set. In thls positlon the 1in-
gtrument 1s calibrated In peak-to-peak and
i3 useful in the measurement of the overall
pertion of a.¢. voltages,



¢. Negative contact potential 1s developed
across the rectifler tube bdefore any input
voltage 13 applied, due to thenormal emission
of electrons by the cathode. In elther posi-
tion of the swltch(normal or peak-to-peak),
this negatlve potential 1is applled across
the input voltage divider network and would
cause the meter to deflect. To compensate
for thls undeslirable deflection, a positive
voltage from the B+ supply equai to the con-
tact potential 1s fed to the veltage divider
network through a S0-megohm resistor. The
A.C. Voltmeter, 1200 volts, with reference
to Flgure 3.3 fa), conslsts of one-half of
a & x 5 Diode Rectifier, Thls rectifier
voltage 1s applled to R3S of the voltage dl-
vlder network and impressed on a grid of the
bridge tube circult,
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FIGURE 3.3a A.C. VOLTMETER - 1200 VOLTS

3.4 D.C. VOLTMETER

a, The d.c. input voltage, applled to the
D.C., and GND connectliong of the instrument,
1s applied through a one-megehm resistor in
the probe directly to the voltage divider
network, as shown, A part of this voltage,
as determined by the position of the Range
Control, 1s fed to the input grid of one of
the triodes of the bridge tube, causing the
bridge circult to function. Deflection of
the meter polnter in the wrong direction in-
dicates that the pelarity of the voltage
being measured 1s reversed with respect o
the polarity of the meterand bridge clrcult.
A swltching arrangement has been {ncorporated
in the instrument, however, which switches
the input grids of the bridge tube to per-
mit measurements of elther polarity.

b. Zero Center Posltion - With refersnce
to Figure 3.4, the Clrcult Selector Contrel

10

1s operated to the D.C. Zero Center position
and will partially short R17, tending to
draw more current and unbalance the bridge
approximately to center scale. Thls 1s use-
ful for alignment of discriminator stages of
F-M and TV receivers.
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FIGURE 3.4 D.C. VOLTMETER

3.5 OHMMETER

a, When an unimown resistance 1s connected
across (HMS-CAP, and GND terminals, 1t is
placed in series with a portion of the in-
put voltage dlvider network, as determined
by the Rangs Control and the dry cells in-

.corperated in the instrument.

b. The voltage applied to the input grid
of the bridge tube 1s the voltage across the
unknown reslstance caused by the battery
current flow. The meter deflection can be
calibrated in the terms of resistance.

LOW,
Dbl INPUT
I - FIG32
s
B, A —IH
T 8T BT2
i 3y
|
i
{ UNKNOW N —
=
.‘"
: RESISTANCE RANGE
. S|
: R28
: NIK
A -
GNO) X100K
A3a
WM.

FIGURE 3.5 OHMMETER CIRCUIT



3.6 CAPACITY AND INDUCT-
ANCE MEASUREMENTS

a, Capacity

The theory of the capacity measurement 1s
gimilar to that of the ohmmetsr, with the
Impedance of the unknown capacltor replacing
the unknown reslstance. However, as amn a.c.
voltage 15 needed to measure the capacltance,
and as only d.c¢. can be appllied to the Ilnput
grid of the brldge tube, some means must be
used to rectify the a.c. The a.c. voltage
tapped off +the voltage dlvider network is
fed to the grid of a cathode follower whlch
18 used in the clrcult as an lmpedance match-
ing devige. The cathode output 1s fed to
the rectifier circult, whlch conslstgorf V1,
a condenser C2, and a reslstance R3, The
output of the rectifler 1s fed to the Input
grid or the bridge tube,

b, Inductance

The theory of the inductarnce measuresments
1s similar to that of a capacitance meagure-
ment wlth the 1mpedance of the Inductance
coll replaclng the impedance of the capacl-
tor, As the capaclty scaleis used 1n making
measurements, a chart is given Iin Figure 5.1
which relates capaclty readings to 1mped-
ances. This impedance, 1n its effect Iin the
clrcult, may be due to elther an Inductance

or & capacltor. With the ald of a simple
formula the inductance can be determined.
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FIGURE 3.6 CAPACITY AND INDUCTANCE
MEASUREMENTS

SECTION 4 - OPERATION

CAUTION

THE HIGH VOLTAGES WHICH CAN BE MEASURED WITH
THIS EQUIFMENT MaAY BE DANGEROUS TO LIFE.
EXTREME CARE SHOULD BE TAKEN TC AVOID BODILY
CONTACT WITH EXPOSED HIGH VOLTAGES.

4.) GENERAL

a, To avold errorin resistance, capaclt-
ance and Inductance measurements, be sure
that the unknown to be measured ls Isolated
from other circults. In capaclty and induc-
tance measgurements, 1t 18 advisable to re-
move the unknown from the circult entirely.
In reslgtance measurementsg, 1t 1s suffliclent
to free only one terminal of the resistor.

b. Be sure that fhe instrument 18 belng
operated from the correct extermal power
gource. It 1s necessary to allow a twe or
three-minute warm-up perlod s¢ that stable
operatlon 1s agsured. If the {instrument 1s
to be uged 1ntermlittently over a period of
time, 1t 13 advlisable to Keep 1t turned ot
to avold delsy.

4.2 A.C. VOLTAGE MEASUREMENTS

DO NOT ATTEMPT TOMEASURE A.C. POTENTIALS

OVER 300 VOLTS WHEN USING PROBE.
a. Normal Position
(1) Operate the POWER swlitch to ON,

(2) Connect the a.c. probe to the unit by
means cof the four-prong c-onnector plug,

(3) Comnect the black unshlelded test 1ead
to the GND Jack. If voltages are belng mea-
gured at frequencies over 100 megacycles, &
bralded ground connection should be made from
the dlode probe to the unit helng tested.
This lead should be as short as possible.

(4) Turn the FUNCTION SELECTOR awltch to
VOLTS A.C.

(5) Turn CIRCUIT SELECTOR to *"Normal",

(6) Turn the RANGE switch to the range
which will cover the voltages to be measured.
Ir thisls unknown, chooge the hlghest rangse.

(7) Check the meter for zerc setting. Ad-
Just to zero with the Zero AdjJust control.
In setting the meter to zero do not touch
the prod on the a.¢. probe, as the stray
plck-up willl deflect the meter.

(8) Comnect the a,c. probe and the black
test lead to the voltage to be measured,

(9) Read the numerlcal value from the
scale directly and apply the multiplying
factor for the positionor the RANGE swltch,

*1



b, Peak-to-Peak

DO NOT ATTEMPT TO MEASURE OVER 500 VOLTS
FEAK-~TO-FEAK,

(1) Procedure for a.c. peak-to-peak mea-
surements 1s ldentical to that outllnéd in
paragrath 4.2a, with the exceptlon of Step 5
which, 1n this case, Should be changed to
"Peak-to-Peak®.

4.3 D.C, VOLTAGE MEASUREMENTS

a, Normal

(1) Turn the FUNCTION SELECTOR switch to
VOLTS + D.C.

{2) Turn the CIRCUIT SELECTCR to "Normal",
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1200 Volts A.C.

A
W

(1) Comnect red test lead to 1200 Volt
Jack.

(2} Comnect black test lead
Jack.

to ground

(3} Turn FUNCTION SELECTOR switch to VOLTS
A.C.

(4) Turn CIRCUIT SELECTOR switch to NOR-
L.
(5) Turn RANGE swltch to 1200 VOLTS.

(6% Chegk meter for zere setting and ad-
just to zero with Zero Adjust Control,

{7) Cormect red and black leads to voltage
to be measured,

(8} Read voltage directly from scale,

(3) Turn the RANGE SELECIOR to the Tange
which will cover the voltages to be measured,
If an approxlimate range 1s unknown, choose
the hlghest range.

(4) Check the meter for zero setting at
the range at which the measurement is to be
made. Adjust to zero wlth the Zero Adjust
Control,

(5) Connect the unknown, uslng the black
ground lead furnished and the shielded cable
with the mlcrophone connector,

{6) If the meter reads in the wrong direc-
tlon, operate the SELECTCR switch to VOLTS -
b.cC.

(7) Read the numerical value from the
scale directly and apply the multiplyling
factor for the position of the RANGE control,

b, Zero Centfer

(1) Turn FUNCTION SELECTOR
D.C. VOLTS,

switch to +



(2} Turn CIRCUIT SELECTOR switch to "zero
center® position.

(3} Turn RANGE switch to range which will
cover volitage to be measured. If an approxi-
mate range 1s unknown, choose the highest
rarge.

(4) Check meter for zero setting at the
range at which the measurement is to be made,

{5) AdJust to center zero with Zero adjust
Control.

(6) Conmnect to unknown voltage uslng black
ground lead furnished and shielded cable with
microphons connactor,

4.4 CURRENT MEASUREMENTS

a. To avold pogsible injury to the meter
always make measurements using the hlghesf
range rirst,

b. To avold error due to an lnaccuwrate
Initial setting of the meter, check the zeron
reading of the meter before making any mea-
surements, Adjust the zero setting mechani-
cally by means of the screwdriver adjust-
ment In the Iront of the meter, if necessary,

¢. Turn the SELECTCR swltch to MILS,

d. Turn the RANGE SELECTOR to the range
which will cover the currents te be measured.
It an approximate range 18 unknown, choose
the highest range,

e. Comnect the unkmown, using the black
ground lead for - MILS and the red lead for
+ MILS,

f. Read the numerical value from the scale
directly and apply the multiplying factor
for the positlon of the BANGE control.

4.5 RESISTANCE MEASUREMENTS

a4, Turn the FUNCTION SELECTOR gwitch to
OHMS,

b. Turn CIRCUIT SELECTOR e "Normal®.

c. Turn the RANGE sgwitch to the rangs
which wlll cover the resistance to be mea-
sured, If 1t is desired to use the LOW QHMS
scale, turn the RANGE switch to the X1 pesi-
tion.

d. Comnect the red and black leads to the
OHMS CAP and GND Jacks respectively. When
using the LOW OHMS scale, connect the leads
to the LOW OHMS and GND jJacks, Adjuat the
meter to zero with the ZER0O ADJUST control,
while shorting the test leads together. OQpen
the leads and adjust the meter to full scale
with the OHMS-CAPACITY ADJUST control.

8. Connect the unknown resistatice between

the test leads, making sure that it 1z fso-
lated fromany other circult components which
might Intrcduce srror.

I. Read the numerical value from the scale
directly and apply the multiplying factor
for the positlon of the RANGE swltch, Note:
When measuring LOW OHMS, read the numerical
galge from the scale and divide the reading

v 10.

CAUTION

DO NOT SHORT THE LEAD FROM THF. LOW OHMS JACK
TO GND UNLESS THE SELECTOR SWITCH I8 ON THE
OQHMS POSITION, AS THERE 18 A POSSIBILITY OF
BURNING OUT RESISTOR RS,

4.6 CAPACITANCE MEASUREMENTS

a. Turn the FUNCTION SELECTCR switch to
CaP.

PIALD. Turn CIRCUIT SELECTOR awitch to NOR-

C. Turn RANGE switch to the range which
will cover the capaclity to be measured.

d. Connect the red and blapk. leads fur-
nlshed to OHMS CAF and GND respectively, and
check the zero setting by shorting the leads
together. AdJust to zero with the Zero Ad-
Just (ontrol. Open the leads and check for
full-geale deflection, AdJjuat to full scale
with the OHMS-CAPACITY ADJUST control,

8. Wlth the sxceptlon noted below, con-
nect to the capacitor to be measured, using
the red and black leads furnished. The ca-—
pacltor should be removed from 1ts assoclzated
clrouits in making this measurement,

IMPORTANT

(1) Since the capaclty measuring circuit
15 exceedingly sensitive on the two lowest
capacity ranges (X1 and X10 MMF), the test
leads will plck up any stray a.c. voltage
fields near the leads. This will generally
cause the meter to read ofi-scale on the
right, which results 1n erratic readings.
1t 18 therefore advisable to connect the
capacltor under test directly to the OHMS-
CAP, and GND pin Jacks when using either of
these two ranges.

{2} In the event of any anparent inshta-
bility other than referenced 1n Paragraph
(1) above, reverse the line cord plug.

NOTE

Slnce the instrument has ail aporeclable
Internal capacity of approxlimately 20-30 mmf,
the meter, when the Range Switch 15 turned
to theXl MMF range, will read this cepaclity.
Be sure %to adjuat the indicator to full secales
with the OHMS-CARACITY aADJUST control when
on Soms range other than the X10 or X1 MMF,
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even though 1t 1Is known that one of thess
ranges will be used In actual measurement,
Do not re-adjJust this control when changing
to these ranges, bhut note the reading on the
indicator DUvefore the unknown capaclty is
connected, Then subtract this readling from
the reading with the capacltor connected to
obtaln ths true capacitance of the unknown,

f. Multiply the numerical value Indlca-
ted on the scale’ by the multiplylng factor
indlcated by the RANGE control. In cages
where 1t 13 necessary to use the X1 and X10
MMF ranges, the true valus of the unknown
will be the difference betwsen the meter
reagigg with and without the capacitor con-
nec¢ted,

g. CAPACITY MEASUREMENTS WHEN USED ON
OTHER THAN 60 CYCLE SUPPLY - A simple con-
version factor may be used to convert capacl-
ty readings for other than 60 cycle opera-
tion. This formula I1s ags follows:

oh = CayE0

Where CA = A¢tual Capaclty
CM = Measured Capaclty
T = line supply frequency

In the case of 50 cycles, the above for-
mula could be reduced to CA = 1,2 Cn.

4.7 INDUCTANCE MEASUREMENTS

o Pa. Turn the FUNCTION SELECTOR switch to
AP,

b. Turn CIRCUIT SELECTOR switch to NOR-
MAL.

c. Turn the RANGE switch to X100 MFD.

d, Insert the red and black test lsads
into the Jacks marked OHMS CAP and GND and
check the zerc setting by shortlng the leads
together. Adjust the meter t¢ zero with the
ZERC ADJUST control.

e. QOpen the leads and ad just the meter te
full scale with the OHMS-CAPACITY ADJUST
control.

f. Insert the inductance to be measured
betweenl the test leads. If the meter reads
Zere on the X100 MFD sc¢ale, the lnductance
is too small to be read on the Model ROBA,

g. Rotate the RANGE switch clockwise un-
til a suiltable reading can be obtained from
the meter. The numerical value of capaclty
1s noted and applied in the formula:

L= Z—CO—'}— henries

where C 1s in MFD. NOTE: This formula 1Is
accurate only If the ohmle reslstance of the
Inductance 1s negligible with respect te the
inductive roactance at 60 cycles. The ac~
curacy of calculation 1is greater than 1%
if the product of the ohmle reslstance and
the capacity reading 1In MFD 18 less than
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100 (RC<100).

h. If the ochmic resistance 1s appreclable,
proceed to calculate the inductanz. as fol-
lows:

(1) Read the numerical value of the c¢apa~
city dlrectly from the secale, Find theasse-
ciated impedance on the graph glven in Figure
5.1, This value 15 ZL in the formula below.

{2) Note the RANGE SELECTOR, whether 1t
ig on X1 -~ X10 - X100, etec, chma., This valus
is in the formula below.

{3) Decermine the reslstance of the in-
ductance by means of anohmmeter, Thils value
is RL In the same formula.

{4) Knowing RL and whether the selector
awitch was on X1 - X10 - X100 ete., alse
knowing RL determines the inductive reactance
XL from the formula below.

Example: It 1s desiréd to find the 1n-
ductance of & coll whose resistance, when
measured by an ohmmeter is 100 ohms. The
CAP reading obtalned from the Model 2054 was
8.8 MFD on X10 MF Range, whlch alsc was the
X10 ohma range.

XL = ZL V[l (&)2 N !02 REL
“\ZL X1 - X10 - X100 ete,

RC = 8.8 x 100 = 880
RC is greater than 100

Therefore, the error due to the reslstancs
1s greater tian Referring to the graph
in Flgure 5.1, we find that the Impedance
Tfor a capacity reading of 8,8 MFD 1s 300
chms. &8ubstituting In the formula:

XL=300 _{100)24» .02 x 108
200 1

300 S
Vi- .11+ .2

300
vV 1.1 =

¥L=300 x 1.05 = 315 chms

_ YL _ 315 .835 Henries
L v T BT

4.8 DECIBEL MEASUREMENTS

a. The declbel scale canbe used to deter-
mine the power level baged on 0 DB =6 mw.
The operation of the Model 20094 18 the same
as that under paragraph 4.2, 4a.c. voltage
measurements. The ranges used for the vari-
ous scales are clearly marked on the mater
dilal with the mimus values indicated In red
and the plus values In black.

b. The followling formula can be used to

convert the DB reading teo watts, provided
the reading 1s taken across a 500 ohm 1load.

FORMULA: DB = 20 log. 10 "gos
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SECTION 5 - APPLICATION

5.1 GENERAL

The following applications are very gener=
al In nature, as 1t 13 always advisable to
consult the instructlons pertlnent to the
Instrument under test to obtaln the actual
procedures In making a test., The Hickok
Electronic Volt-Chm~Capaclty-Milllammeter,
Model 209A, may, of course, be used 1in making
all measurements common Lo an Instrument of
1ts type. These appllcatlions glven here will
glve more speciallzed uge of which the user
may not be aware,

5.2 D.C. VOLTMETER

a. Zero Center or Zero Left

The input impedance Iin the vacuum tube
voltmeter 18 constant at approximately 12
megohm3 for all ranges. As the result of
this high Input impedance, it can, in gener-
a1, be used to measure d,c¢. voltages In sny
electrical circultwithout appreciably load-
Ing down ths d.c. clrcuit, and consequently,
the voltage as indicated will be essentially
the voltage whilch would be found under nor-
ma] operatling conditlons, In the conven-
tional low Impedance type of voltmeter the
loading caused by the meter 1s often suffi-
clently great to cauge extreme error when
meagurements are made in high impedance c¢lr-
cuits,

b, B-F - I-F Clrcults

As a resgult of the Incorperation of an
igolating resistor of one megohm Iin the d.c.
probe, thils voltmeter can alsp be used o
measure voltages in oscillating or r-f clr-
cults without loading these circuits from a
capacitive or resistive standpolint, Thila
feature makes 1t possible tomeasure ave vol-
tages at such placesas the control grids of
r~f and i-f stages without disturbing the
normal operation cof those clroeuits.

c. Dsclillation Check

Determinatlon of the condition of oscilla-
tion or non-egscillatlion, of the osecillator
gsections In recelvers ig another application
0f the voltmeter. An lmmedlate check 1s ob-
talned on the osclllator sectlon by connect-
Ing the voltmeter, o as to measure the vol-
tage at the grid of the osclllator tube and
tuning from one &nd of the band to the other.
Note the grid voltage throughout the entire
range, Normally a negatlve voltage of from
5 to 30 volts will be found at the grid of
the oscillator tube when the osctllator sec-
tion 18 operating properly. Dead spots on
one or more of the tuning ranges may be lo-
cated by this test.

d, Discriminator Circuit Alignment

14

Service Instructions for the alignment of
frequency modulated recelvers often call for
the insertion of 2 zero center microammeter
In the discriminator circult, Misallgnment
18 Indlcated by any reading, elther positive
or negative, on the meter and allgnment 1is
Indicated bya zero reading. The d.c. volt-
maéter zero center sectlionof the Hickok Model
2004 may be much more conveniently used to
make suech alignments, Merely c¢onnect 1t
across the discriminstor 1lead reslstance.
Make the necegsary alignment whichwill bring
the meter back to the zero center posltion.
Thus a satisfactory alignment can be made
without the necesslity of breaking the circult
t¢ lnsert the microammeter,

5.3 A.C. VOLTMETER

a, Normal

(1) The a.c, voltmeter impedance has a
constant resistlive component of approxi-
matsly 15 mepohms shunted by & capacltive
component of approximately & mmf, The low
shunting capaclty 1s attatined by the use of
the dlode probe, and consequently, measure-
ments of voltages over 100 m¢, are possible.
The range can further be extended by using
a bralded connection from the ground Dpost
of the diode head to the chassils of the unit
under test. Thils lead should be as sghort as
possible tic reduce the possibllity of an 1in-
ductive effect belng present along the lead.
A%t hlgh frequencles, the shunt capaclty, al-
though 1t is only about 6 mmf, will have z
low reactance and may introduce some error
iIn the reading obtalned, This error is de-
pendent upcn the Impedance from which the
voltage 18 measured, and Increases as the
Impedarice Increases. Alsc at these frequen-
¢les the loading lmposed by the capaclty 1n-
put may detune a radlo fregquerncy circult,

{2) The a,c, input circuit includes a
blockling condenser between the test prod and
fhe diode circuilt, so that any d.c. compo-
nents present 1n the circult under test ars
Ineffectlve and only the a.c, compenents are
measured,

{3) When the a.c. voltmeter 1s used to
measure voltages of supply line frequency;
for example, the common 60 cycle supply,
small discrepancies in the readlings may occur
it the polarity of the test 1lesds Is re-
versed; that 1s, 1f the grounded test lead
Changes In position with respect to the a,c¢,
voltage belng measured, The actual voltage
1n such cases should be taken as the average
of the twe readings obtalned,

b. Peak-tn-Pezk

(1) The probe a.¢, voltmaeter has a con-
stant impedance of 15 megohms shunted by
approximately 6 mmf. Therefore, the loading
will be nepliglible at lower {frequencies.
Slight detuning of R-F circulta under tast



15 t¢ be expected,

(2) The peak-tc—peak voltmeter {5 de-
gigned primerlly for the study of irreguicr
wave forms in television recelvera. Prac-
tically all televiglon receiver manufac-
turers 1n thelr service manuals give the
necessary data pertalning to peak-to-~peak
volts the study of non-sinusoldal wave forms.

(3} The blocking condenser eliminates fne
d.c. component, and therefore only the a,c.
component will be measured.

54} To nave grester accuracy whenl mea-
suring peak-to-peak readinga between 0 to
12 volts, reference to the Chart, Figure
4.1, may be made,

¢. 1200 Volts A.C.

(1) The a.c. voltmeter, 1200 volts a.c.,
has an Input Impedance of 3.5 megohms ap-
proximately, and is designed for measuring
The voltage of power ftransformers up to
1200 wolts. A d.,c. path 1s returned fto

rountd, and therefore 1t should not be used
n 3.c. clrcults having d,c, components, un-
less & Dblocking condenser 1is inserted be-
tween the plin Jack and the clrecuit under
test., Be sure the voltage rating of the
condenser 13 equal to, or In excess of, the
voltage of the d.c. + a.c, voltage being mea-
gured.

5.4 OHMMETER

a, The chmmeter section of the Model 2038A

uses onily 3 volts, d.c., for all resistance
measurements. Many resistors, especlally
of tne compositlon type, have what 1s known
as a voltage coefficlent; that 15, theactual
ralue of the resistance varies with the vol-
tage placed across the resistors. This 1s
especlally true at resistance values above
one megohm., A8 an example of this, a resis-
tor measured with 3 volts, as In the Model
2084, To be S negohms might differ from S
megohms  1f 1t were measured with several
hundred volts. This difference would depend
on the voltage coefficlent of the reslstor.

b. On Une lower ranges the internal shunt
resistance between *the test leads used 1in
resistance measurements is relatively 1low,
It 15 advisable, therefore, never to connect
the test leads across a voltage which could
pussibly damags or destroy these resistors,
To aveld this, be sure that the resistor
being measured 1s not connected toan active
circuit where measurements gre being made,

5.5 CAPACITY MEASUREMENTS

a. In conventional capacltatice measuring
devices 1t Is necessary touse very high vol-
tages for measuring capacltorsof low capac-
1ty with a resultant hazard to the operator,
Thiz hazard has been completely . eliminated
In the Model Z09A, and capacity test leads
may be handled without fear of electrlcal
ghock,. as the electronlc circult utillzed
permlts capacliy measurements throughout the
wlde range of approximately 1 mmf to 1000 mfd
with the use of only € voltg, a.c.

SECTION 6 - MAINTENANCE

6.1 GENERAL

As the Model 2064 has peen bullt under the
high standards of workmanship of s Hickok
ingtrument, ne maintenance other than rou-
tine replacement of tubes or batterles should
be neceggary. It is sugpested that, 1f the
Instrument should nsed malntenance, other
than routine replacements, the factory should
be contacted with regard to the nature of
the trouble, and 1f necessary, the Ingtrument
may be shipped to the factory or to an au-
thorized repalr station, A schematle, showm
In Figure 7.1, and a chassls view, shown in
Flgure 4,1, are given to ald In maintenance
WoTk.

6.2 VACUUM TUBES

411 vacuum tubes are operated at thelr
normal rating, or below, to insure long life
and uniform service, To ¢ heck the tubes,
remove the chassls from the case by removing

the elght screws arcund the edge of the panel
and 1lifting the panel from the case,

6.3 DRY CELLS

Twe dry cells are operated 1In series as
a source of d,c. lnmaking ohmmeter measure-
ments, If 1t 18 1Impossible to bring the
meter te full scale deflectiononany scale,
1t 15 provable +that one or beth of the dry
cells are low. To replace these, remove the
chassis from the case as given In Paragraph
6,2 above, and remove the dry cells, First,
1t will be necessary to remove the clamp
nelding the cells 1n place bvefore removing
the cells from thelr clip holders.

NOTE

IF THE METEE POINTER MOVES VIOLENTLY TO THE
LEFT WITH THE SSLECTOR SWITCH IN OHMS POSI-
TION, REMOVE THE MODEL 209A FROM 1TS CASE
AND fHECK THE ELECTRICAL CONTACTS OF BAT-
TERIES BT1 AND BT2. ,
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